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(54) Electric generation control system for hybrid vehicle 



(57) When the remaining capacity of a battery (3) on 
a hybrid vehicle is smaller than a threshoM value or the 
battery (3) Is unable to output the amount of electric en- 
ergy required to propel the hybrid vehicle with a propul- 
sive electric motor (4), an engine (1 6) is started by a gen- 
erator (1 7) which operates in a motor mode. The engine 
(1 6) rotational speed is brought to a predetermined value 
by the generator (17), at which time fuel is supplied to 
the engine (16). After the engine (16) has achieved full 
connbustion and has been warmed up, the generator (1 7) 
operates in a generator mode regenerate electric energy 
which is supplied to the battery (3) and the propulsive 
electric motor (4). The threshold value for the remaining 
capacity of the battery (3) is greater as the atnrK>spheric 
pressure (ATp) is tower. Therefore, if the vehicle is run- 
ning under bw atmospheric pressure such as on high 
ground, the electric energy is supplied from the genera- 
tor (1 7) to the battery (3) and the propulsive electric mo- 
tor (4) at an early stage where the capacity of the battery 
(3) is relatively high. The generator (17) also starts to 
generate electric energy when the battery is unable to 
output an amount of electric energy sufficient enough to 
propel the vehicle. 
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Description 

The present invention relates to an electric genera- 
tion control system for use on a hybrid vehicle having a 
propulsive electric motor energizable by a battery and 
an electric generator actuated by an internal combustion 
engine for energizing the propulsive electric motor. 

Growing concern in recent years over environmental 
protection has led to various efforts to develop for prac- 
tical appllcalions electric vehicles which have a propul- 
sive electric motor energizable by a battery to transmit 
drive forces to drive wheels for propelling the electric ve- 
hicle. One of the important requirements for such electric 
vehicles to satisfy is that the range which they can travel 
without recharging the battery be maximized and the dis- 
charging of the battery be minimized for increased bat- 
tery service life. 

One solution disclosed in Japanese laidK>pen patent 
publication No. 4-29504 is a hybrid vehicle carrying an 
electric energy generating apparatus having an electric 
generator and an internal combustion engine for actuat- 
ing the electric generator. Electric energy generated by 
the electric generator is supplied to charge a battery or 
to energize a propulsive electric motor. 

While the disclosed hybrid vehicle is running, the 
battery energizes the electric generator to operate as an 
electric motor in a motor mode to start the engine. After 
the engine has been started, the electric generator is 
switched from the motor mode to a generator mode in 
which it is actuated by the engine to generate electric 
energy, which is supplied to the battery or the propulsive 
electric motor 

Hybrid vehicles of the type described above are also 
required to meet demands for environmental protection. 
However, white the electric generator is being actuated 
by the engine, the engine emits exhaust gases into the 
atniosphere. Although toxic emissions harmful to the en- 
vironments can be reduced from the exhaust gases with 
a system composed of an exhaust gas sensor, an ex- 
haust gas purifying catalyst. etc.,during stable operation 
of the engine, undesirable harmful emissions tend to be 
discharged from the engine especially when the engine 
is started because the fuel combustion in the engine is 
unstable at the engine start. 

Another problem is that when the electric generator 
is switched from the motor mode to the generator mode, 
the engine is subjected to load variations. If the load var- 
iations are large, then the operation of the engine be- 
comes unstable, causing the engine to vibrate undesir- 
ably or emit unwanted harmful exhaust gases. 

Tosupply the generated power from the etedric gen- 
erator to the battery and the propulsive electric motor for 
extending the range that the vehicle can travel while 
maintaining necessary vehicle performance factors, the 
electric generator should preferably be operated fre- 
quently. 

However, such frequent operation of the electric 
generator is not desirable from the standpoints of envi- 
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ronmental protection and battery life as it requires simul- 
taneous frequent operation of the engine. 

For the above reasons, it has been desired to control 
the hybrid vehicle by starting the electric energy gener- 
s atrng apparatus with accurate timing In view of the con- 
ditions of the battery and the vehicle driving performance 
factors, and also by starting the engine and switching be- 
tween the generator modes under suitable operating 
conditions in view of the exhaust gas properties and vi- 

10 bration characteristics of the engine. 

It is therefore an object of the present invention to 
provide an electric generation control system for use on 
a hybrid vehicle which is capable of starting an electric 
energy generating apparatus on the hybrid vehicle with 

IS accurate timing under suitable operating conditions for 
thereby sufficiently optimizing the exhaust gas proper- 
ties and vibration characteristics of an engine on the hy- 
brid vehicle for environmental protection and also for in- 
creasing the range that the hybrid vehicle can travel and 

20 the sen/ice life of a battery on the hybrid vehicle. 

To accomplish the atx]ve object, there is provided In 
accordance with the present invention an electric gener- 
ation control system for use on a hybrid vehicle having 
a vehide propelling apparatus including a battery and a 

2S propulsive electric motor energizable by the battery, and 
an electric energy generating apparatus including an en- 
gine and a generator actuatable by the engine, the gen- 
erator being operable in a motor mode in which the gen- 
erator is energized by the battery to operate as a starter 

30 motor for starting the engine while the vehicle propelling 
apparatus is In operation, and a generator mode in which 
after the engine is started, the generator is actuated by 
the engine to generate electric energy to be supplied to 
the battery and/or the propulsive electric motor, the elec- 
ts trie generation control system comprising remaining ca- 
pacity recognizing means for recognizing a remaining 
capacity of the battery, start signal outputting means for 
issuing a start signal to activate the electric energy gen- 
erating apparatus when the remaining capacity of the 

40 battery as recognized by the remaining capacity recog- 
nizing means Is either lower than a predetermined 
threshold value or sharply reduced, an exhaust gas sen- 
sor associated with the engine for detecting exhaust gas- 
es emitted from the engine, exhaust gas sensor activat- 

^ ing means for energizing and activating the exhaust gas 
sensor based on the start signal, exhaust gas sensor ac- 
tivation determining means for determining whether the 
exhaust gas sensor has been activated or not after the 
exhaust gas sensor has started being energized, engine 

so start signal outputting means for outputting a start signal 
to start the engine based on a signal from the exfiaust 
gas sensor activation determining means, which indi- 
cates that the exhaust gas sensor has t>een activated, 
cranldng means for energizing the generator with the 

ss battery to operate the generator as the starter motor in 
the motor iTKXie based on the start signal, and controlling 
the generator to equalize a rotational speed of the engine 
actuated by the generator to a predetemiined starting ro- 
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tational speed, engine control means for starling to sup- 
ply fuel to the engine when the rotational speed of the 
engine reaches the predetermined starting rotational 
speed, and starting to combust the fuel in the engine 
while monitoring exhaust gases from the engine with the s 
exhaust gas sensor, full-combustion determining nwans 
for determining whether combustion of the fuel in the en- 
gine has reached a fully combusted state representing 
st^le fuel combustion in the engine, and generator op- 
eration switching means for switching operation of the 10 
generator from the nxjtor mode to the generator mode 
based on a signal, which indicates that combustion of 
the fuel in the engine has reached the fully combusted 
state, from the fuH-combustion determining means. 

With the above arrangement, when the remaining is 
capacity of the battery which is recognized by the re- 
maining capacity recognizing means is either bwer than 
the predetermined threshold value or sharply reduced, 
so that the electric energy from the battery atone is not 
enough to energize the propulsive electric motor for pro- 20 
pelling the hybrid vehicle with sufficient drive forces, the 
start signal outputting means outputs a start signal to ac- 
tivate the electric energy generating apparatus. Based 
on the supplied signal, the electric energy generating ap- 
paratus is activHted to generate electric energy which is 2s 
supplied to the battery and the propulsive electric nrrotor 
Therefore, it is possible to operate the electric energy 
generating apparatus at an adequate time depending on 
the conditions of the banery. 

To activate the electric energy generating appara- so 
tus. the exhaust gas sensor activating means energizes 
the exhaust gas sensor to activate the same, and when 
the exhaust gas sensor is activated, the cranking means 
actuates the generator as a starter motor for thereby 
cranking the engine. When the rotational speed of the 3S 
engine that is cranked reaches the starting rotatkxial 
speed, the engine control means starts combusting fuel 
in the engine. The fuel combustion in the engine begins 
when the engine is cranked at the starting rotatkxial 
speed at which the engine discharges exhaust gases 40 
with good properties and when the exhaust gas sensor 
is activated. Consequently, the fuel in the engine is com- 
busted srnoothty while the discfiarged exhaust gases are 
keeping good properties. 

When the fuel combustkxi in the engine reaches a 4S 
fully combusted state and becomes stable, the generator 
operatkm switching means switches operatkxi of the 
generator from the motor mode to the generator mode. 
Since the generator switches its operation w^iie the fuel 
combustkxi in the engine is in the fully combusted state, so 
the engine is prevented from operating unstably and 
hence snrxxithfy actuates the generator 

According to present inventkxi, therefore, the elec- 
tric energy generating apparatus is started at an ade- 
quate time depending on the conditkxis of the battery, ss 
The engine has exhaust gas properties and vibratnn 
characteristk:s optimized for environmental protectkxi, 
and the range which the hybrid vehk:le can travel without 



recharging the t)attery can be maximized and the ser>nce 
life of the battery can be increased. 

The starting rotational speed of the engine at which 
the fuel combustnn is optimum is affected by the engine 
temperature or intake temperature of the engine. Con- 
sequently, if the starting rotatkxial speed is selected de- 
pending on the engine temperature or intake tempera- 
ture of the engine, the fuel combustkxi is made reliably 
optimum for suffktiently minimizing unwanted exhaust 
emisskxis. 

For smoothly switching operation of the generator 
between the mcAor and generator modes, it is preferable 
to reliably determine the fully combusted state of the fuel 
combustion in the engine. In this respect, it has been 
found that the load on the engine when the fuel combus- 
tion is in the fully combusted state is greater than when 
the engine is cranked by the cranking means and smaller 
than when the engine starts combusting fuel. The electric 
generatkxi control system further preferably includes 
load detecting means for detecting a toad on the engine, 
and the full-combustion determining means comprises 
means for determining that combustion of the fuel In the 
engine has reached the fully combusted state when the 
ksad on the engine is detected by the bad detecting 
means as falling in a predetermined range between a 
predetermined engine bad to be imposed when the en- 
gine is cranked by the generator as the starter motor in 
the motor nrxxle and a predetermined engine bad to be 
imposed when the engine starts to combust the fuel. 

In additbn, the full-oombustbn determining means 
preferably comprises means for determining that com- 
bustion of the fuel in the engine has reached the fully 
combusted stats when the load on the engine is detected 
by the bad detecting means as falling in the predeter- 
mined range continuously for a predetermined period of 
time. Since the engine load to be imposed when the en- 
gine is cranked and the engine load to be imposed when 
the engine starts to combust the fuel vary depending on 
the rotational speed of the engine, these engine bads 
are preferably established in advance depending on the 
rotatbnal speed of the engine. 

In this manner, the fully combusted state of the fuel 
in the engine can be determined highly reliably. There- 
fore, the generator is switched between the motor and 
generator modes when the combustion of the fuel in the 
engine has reached the fully combusted slate. When the 
generator is switched t)etween the motor and generator 
modes, the engine is prevented from operating unstably 
and from discharging undesirable exhaust emisskxis. 

The electric generation control system preferably 
further includes an exhaust gas purifying catalyst ener- 
gizable for activation for purifying the exhaust gases from 
the engine. The engine is cranked and fuel starts being 
combusted in the engine wtien both the exhaust gas pu- 
rifying catalyst and the exhaust gas sensor are activated. 
With this arrangement, a process of controlling operatbn 
of the engine while monitoring an output signal from the 
exhaust gas sensor and a process of purifying exhaust 
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gases with the exhaust gas purifying catalyst are reliably pulsive electric motor. If the current/voltage characteris- 

carried out from the start of the engirie, so thai the engine tics of the batteiy are knovwi, then the effective maximum 

has reliably Improved exhaust emission performance. electric energy that can be output by the battery Is de- 

An activated state of the exhaust gas puriifying catalyst temriined as the product of a current of the battery at the 

is determined when the exhaust gas purifying catalyst s minimum drive voltage of the propulsive electric motor 

has been energized for at least a period o* time required and the minimum drive voltage based on the cunentA^olt- 

to activate the exhaust gas purifying catalyst or the ex- age characteristics of the battery. The currentAroltage 

haust gas purifying catalyst has been heated to at least characteristics of the battery may be determined from a 

a predetermined temperature. plurality of sets of battery currents and voltages that are 

The generator operation switching means prefera- 10 determined from time to time, 
biy comprises means for switching operation of the gen- The electric generation control system preferably 
erator by gradually reducing an anxjunt of electric energy further includes battery voHage detecting means for do- 
supplied to the generator when the generator operates tecting a voltage across the battery, battery current de- 
in the motor mode and thereafter gradually increasing tecting means for detecting a current of the battery, cur- 
an anrK>unt of electric energy generated by the generator is rent/voltage characteristics detecting means for detect- 
when the generator operates In the generator mode. This ing currentA^oltage characteristics of the batteiy based 
arrangement minimizes sharp variations in the engine on the voltage detected by the battery voltage detecting 
load when the generator is switched between the motor means and the current detected by the battery current 
and generator modes, with the results that the engine detecting means, and effective maximum output calcu- 
operates stably, preventing unwanted exhaust emis- 20 lating means for detemiining an effective maximum out- 
slons and undue engine vibrations. put which can be produced by the battery at a predeter- 

Whlle the electric energy generating apparatus is in mined minimum drive voltage for the propulsive electric 
operation, drive forces of the engine are reduced and nrwtor from the cunenl/voltage diaracteristics detected 
hence the generated output of the generator is also re- by the currontAroHage characteristics detecting means, 
duced when the atmospheric pressure is lowered. At this 2S the start signal outputting means comprising means for 
time, the amount of electric energy supplied from the outputting the start signal when the effective maximum 
generator to the battery and the propulsive electric nxrtor output which can be produced by the battery is at most 
becomes low, allowing the capacity of the battery to be a nrraximum output of the propulsive electric motor. Un- 
lowered earty. In view of this, the electric generation con- der conditions in which the electric energy from the bat- 
trol system preferably further includes atmospheric pres- so tery to the propulsive electric motor alone is not enough 
sure detecting means for detecting an atmospheric pres- to Iceep sufficient drive forces required to be produced 
sure, and remain Ing-capacity threshold value setting by the propulsive electric motor, the electric energy gen- 
means for establishing the predetermined threshold val- erating apparatus Is activated to supply electric energy 
ue depending on the atmospheric pressure detected by from the generator to the battery and the propulsive elec- 
the atmospheric pressure detecting means such that the ss trie motor. The electric energy is therefore supplied from 
predetemrined threshold value is higher as the atmos- the generator to the battery and the propulsive electric 
pheric pressure detected by the atmospheric pressure motor at an adequate time for maintaining sufficient drive 
detecting means is lower While the hybrid vehicle is run- forces required to be produced by the propulsive electric 
ning under a relatively low atmospheric pressure, e.g. on motor. 

a highland where air available for combusting fuel in the ^ The electric generation control system preferably 

engine is relatively thin, when the drive forces of the en- further includes temperature detecting means for detect- 

gine are bwered and the amount of electric energy gen- ing an engine temperature of the engine, vehicle speed 

erated by the generator is reduced, the generator sup- detecting means for detecting a vehicle speed of the hy- 

plies generated electric energy to the battery and the pro- brid vehicle, warm-up control means for controlling the 

pulsive electric motor at an early stage. Consequently, 4S engine and the generator to operate at the rotational 

the capacity of the battery is prevented from being low- speed of the engine depending on the engine tempera- 

ered too earty. The hybrid vehicle can therefore travel a ' ture detected by the temperature detecting means and 

sufficiently long range on highland In the same manner an amount of electric energy generated by the generator 

as when it njns in plain geographical regions. after the generator has been switched from the motor 

The electric energy that can be output by the battery so mode to the generator mode by the generator operation 

IS reducedasthe remaining capacity of the battery is low- switching means, and electric generation control means 

ered. If an effective maximum electric energy that can be for controlling the engine and the generator to operate 

output by the battery at a minimum drive voltage of the at the rotationaf speed of the engine depending on the 

propulsive electric motor is lower than a maximum output vehicle speed detected by the vehicle speed detecting 

which is required to be produced by the propulsive elec- ss means and an amount of electric energy generated by 

trie motor, then the electric energy from the battery to the the generator after the engine has been operated by ttie 

propulsive electric motor alone is not enough to keep suf- warm-up control means. With this arrangement, imme- 

ficient drive forces required to be produced by the pro- diately after the generator has started generating electric 
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energy by being actuated by the engine, the engine Is 
warmed up under an appropriate bad (an amount of 
electric energy generated by the generator) depending 
on the engine temperature. After the engine has been 
wanmed up, the generator generates an anrx>unt of elec- s 
trie energy commensurate with the amount of electric en- 
ergy consumed by the propulsive electric nrK>tor which 
corresponds to the speed of travel of the hybrid vehicle. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent from 10 
the following description when taken in conjunction with 
the accompanying drawings which illustrate a preferred 
embodiment of the present invention by way of example 
only. 

IS 

FIG. 1 is a block diagram of a system arrangement 
of a hybrd vehicle to whth an embodiment of the 
present inventk>n is applied; 

FIG. 2 Is a bksck diagram of a portion of an electric zo 
energy generating apparatus of the hybrid vehicle 
shown in FIG. 1; 

FIG. 3 is a bksck diagram of a portkn of the electrc 
energy generating apparatus of the hybrkJ vehkde 2S 
shownhRG. 1; 

FIG. 4 is a diagram showing the manner in which the 
electric energy generating apparatus of the hybrid 
veh»le shown in FIG. 1 operates; 30 

FIGS. 5 and 6 are flowcharts of an operatton 
sequence of the electric energy generating appara- 
tus of the hybrid vehtele shown In RG. 1; 

35 

FIG. 7 is a diagram shewing the manner in whkii the 
electric energy generating apparatus of the hybrid 
vehcle shown In RG. 1 operates; 

FIG. 8 is a flowchart of a cranking control mode of 40 
operation of the electric energy generating appara- 
tus ct the hybrid vehkde shown in FIG. 1 ; 

Fl G. 9 is a diagram showing the manner in which the 
electric energy generating apparatus of the hybrid 4S 
vehble shown in RG. 1 operates in the cranking 
control mode; 

FIG. 10 is a diagram showing the manner in which 
the electric energy generating apparatus of the so 
hybrid vehicle shown in RG. 1 operates in the crank- 
ing control mode; 

FIG. 11 Is a flowchart of a full-combustion deciskxi 
mode of operation of the electric energy generating ss 
apparatus of the hybrid vehble shown in FIG. 1 ; 

FIG. 12 is a diagram showing the manner in whksh 



the electric energy generating apparatus of the 
hybrid vehicle shown fan FIG. 1 operates In the 
full-combustk)n decisnn mode; 

FIG. 1 3 is a flowchart of a generator switching con- 
trol mode of operation of the electric energy gener- 
ating apparatus of the hybrid vehcle shown in FIG 
1; 

FIGS. 14(a) and 14(b) are diagrams showing the 
manner in which the electric energy generating 
apparatus of the hybrid vehble shown in RG. 1 oper- 
ates in the generator switching control nxxJe; 

FIG. 15 is a flowchart of a warm-up control mode of 
operatnn of the electric energy generating appara- 
tus of the hybrid vehicle shown In FIG. 1 ; 

FIG. 16 is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrkJ vehcle shown in FIG. 1 operates in the 
warm-up control mode; 

FIG. 17 Is a diagram showing the nranner In whrch 
the electric energy generating apparatus of the 
hybrkl vehicle shown in FIG. 1 operates in the 
warm-up control nmde; 

FIG. 18 is a flowchart of an electric generation con- 
trol nr»ode of operation of the electric energy gener- 
ating apparatus of the hybrid vehkile shown in FIG. 
1; 

FIG. 19 Is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrkJ vehcle shown In FIG. 1 operates in the elec- 
tric generatkxi control motto; 

FIG. 20 is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrid vehnle shown In FIG. 1 operates in the elec- 
tric generatkxi control mode; 

FIG. 21 is a flowchart of a regeneratnn control mode 
of operatkxi of the electric energy generating appa- 
ratus of the hybrU vehfcle shown in RG. 1 ; 

FIG. 22 Is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrkJ vehcle shown in FIG. 1 operates in the regen- 
eratkin control mode; and 

FIG. 23 is a flowchart of an operation sequence of 
the electric energy generating apparatus of the 
hybrkl vehcle shown in FIG. 1. 

As shown In FIG. 1, the system arrangement of a 
hybrW vehicle to whfch an embodiment of the present 
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Invention is applied generally includes a vehicle propel- 
Itng apparatus 1 and an electric energy generating ap- 
paratus 2. 

The vehicle propelling apparatus 1 comprises a bat- 
tery 3, a propulsive electric motor 4 energizable by the 
battery 3, a motor energy supply controller 5 including 
an inverter circuit, etc.. (not shown) for controlling the 
supply of electric energy between the battery 3 and the 
propulsive electric motor A, a vehicle propulsion nnan- 
agement device 6 for controlling the propulsive electric 
motor 4 through the motor energy supply controller 5 and 
recognizing the remaining capacity of the battery 3, an 
accelerator operation sensor 7 for detecting an acceler- 
ator operation A carried out by the driver of the hybrid 
vehicle, a brake switch 8 for detecting whether the driver 
has applied a braking action or not, a vehicle speed sen- 
sor g for detecting a vehicle speed Vqar. a current sen- 
sor 10a (battery cun^ent detecting means) for detecting 
a discharged current and a charged current (hereinafter 
referred to as a "battery current Ib*) of the battery 3. a 
current sensor 10b for detecting a current (hereinafter 
referred to as a "motor current 1^') of the propulsive elec- 
tric mcAor A, and a voltage sensor 1 1 (battery voltage de- 
tecting means) for detecting a voltage (hereinafter re- 
ferred to as a "battery voltage Vg') across the battery 3. 

The vehk^le propulsnn management device 6 com- 
prises a microcomputer or the like, and is programmed 
to perform various functkxis whch include, as shown in 
FIG. 2, a motor control unit 12 for controlling the propul- 
sive electric motor 4 through the motor energy supply 
controller 5 based on detected signals from the acceler- 
ator operatk}n sensor 7, the brake switch 8. and the ve- 
hicle speed sensor 9, a remaining capacity recognizing 
unit 13 (remaining capacity recognizing means) for rec- 
ognizing the remaining capacity of the battery 3 based 
on detected signals from the current sensor 1 0a and the 
voltage sensor 11. a currentAroltage characteristcs de- 
tecting unit 14 (cunBntA«)ltage characteristbs detecting 
means) for detecting present currentA«)ltage character- 
istk» of the battery 3 based on detected signals from the 
current sensor 10a and the voltage sensor 11, and an 
effective maximum output calculating unit 15 (effective 
maximum output calculating means) for determining an 
effective maximum output that can be produced by the 
battery 3 at a predetermined minimum drive voltage from 
the present currentAmltage characteristics of the battery 

3 whwh are detected by the currenlAnltage characteris- 
tKS detecting unit 14. 

Bask:ally, the motor control unit 12 determines a tar- 
get torque for the propulsive electric motor 4 according 
to a preset map or the like based on the accelerator op- 
eratk)n A and the vehksle speed Vcar whk:h are detected 
by the accelerator operatnn sensor 7 and the vehicle 
speed sensor 9, and innparts the determined target 
torque to the motor energy supply controlter 5. The maiUx 
energy supply controller 5 controls the supply of electric 
energy from the battery 3 to the propulsive electrn motor 

4 with switching pulses in order to enetble the propulsive 



electric motor 4 to produced the given target torque. 

When the accelerator operation A detected by the 
accelerator operatbn sensor 7 is reduced or an ON sig- 
nal (hereinafter referred to as a "braking signal BR") in- 
5 dicative of a braking actbn is supplied from the brake 
switch 8 while the hybrkJ vehcle is running, the motor 
control unit 1 2 instructs the motor energy supply control- 
ler 5 to effect regenerative braking on the propulsive 
electric motor 4. At this time, the motor energy supply 
10 controller 5 supplies a regenerated current from the pro- 
pulsive electric motor 4 to the battery 3. thereby charging 
the battery 3. The regenerated current from the propul- 
sive electrte motor 4 is detected by the current sensor 
10b as a owtor current 1^ that flows from the motor en- 
is ergy supply controller 5 to the battery 3. 

Basically, the remaining capacity recognizing unit 1 3 
integrates the product of the battery current Ig and the 
battery voltages Vg, i.e. the electric energy, which are 
detected respectively by the current sensor 10 and the 
20 voltage sensor 1 1 at each sampling time for thereby de- 
termining discharged and charged amounts of electric 
energy of the battery 3, and subtracts the discharged 
anrtount of electric energy from and adds the charged 
amount of electric energy to the initial capacity of the bat- 
2S tery 3 for thereby recognizing the remaining capacity C 
of the battery 3 from time to time. 

The current/voltage characteristics detecting unit 14 
stores a plurality of sets of the battery current Ig and the 
battery voltages Vq detected at respective sampling 
30 times in a memory (not shown) within a predetemiined 
period of time that is longer than the sampling times. 
Then, as shown in FIG. 4, the current/voltage character- 
istics detecting unit 1 4 determines a linear characteristk: 
cures "a" representing the present current/voltage char- 
as acteristbs of the battery 3 from the stored sets of the bat- 
tery current 1^ and the battery voltages Vg according to 
the method of least squares or the like. 

The effective maximum output cateulating unit 15 
determines, from the linear characteristb curve "a", a 
current 1^ at a minimum drive voltage (see FIQ. 4) 
required to drive the propulsive electric nrwtor 4. i.e. a 
current 1^ that is discharged by the battery 3 when the 
voltage across the battery 3 is the minimum drive voltage 
Vf. Then, the effective nnaximum output cak;ulating unit 
^ 15 determines the product V of the current I, and the 
rrtinimum drive voltage V, as an effective maximum out- 
put Pmax which is indicated as a hatched area in FIG. 4. 
When the remaining capacity C of the battery 3 is re- 
duced, the linear characteristic curve "a" moves down- 
so wardly as indfcated by a hypothetical cun« "a" In FIG. 
4. Therefore, the effective maximum output Pmax >s 
duced as the remaining capacity C of the battery 3 is low- 
ered. 

The remaining capacity C of the battery 3, the effec- 
ss tive maximum output P^ax vehicle speed Vqar de- 
tected by the vehbte speed sensor9, the accelerator op- 
eratbn A detected by the accelerator operation sensor 
7. the braking signal BR from the brake switch 8, and the 
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motor current 1,^ detected by the current sensor 10b are 
supplied to an electric generation management device 
(described below) of the electric energy genereting ap- 
paratus 2. 

Drive forces generated by the propulsive electric 
motor 4 are transmitted through a power transmitting 
system (not shown) to drive wheels ol the hybrid vehrcle, 
thereby propelling the hybrid device. 

In FIG. 1. the electric energy generating apparatus 
2 comprises an interna! combustion engine 16, an elec- 
tric generator 17 which can be actuated by the engine 
1 6, an engine controller 18 for controlling the engine 1 6 
and auxiliary components (described later) combined 
therewith, a generator energy supply controHer 19 in- 
cluding an inverter circuit (not shown), etc., for controlling 
the supply of electric energy between the battery 3 and 
the propulsive electric motor 4 or the generator 1 7, a gen- 
erator controller 20 for controlling the generator 17 
through the generator energy supply controller 19, an 
electric generation management device 21 for managing 
and controlling the electric energy generatir>g apparatus 
2 through the engine controller 1 8 andthe generator con- 
troller 20, and an atmospheric pressure sensor 22 for de- 
tecting an atmospheric pressure ATp. 

The generator 17 has a rotor (not shown) coupled 
to the crankshaft (not shown) of the engine 16 so that 
the rotor will rotate at the same speed as the crankshaft. 

The engine 16 is combined with auxiliary compo- 
nents which include an exhaust gas sensor 23^ an ex- 
haust gas purifying catalyst 24. a temperature sensor 25 
(temperature detecting means) for detecting a tempera- 
ture Tw of the engine 16, i.e. a coolant temperature, a 
toad detector 26 (load detecting means) for detecting a 
load L on the engine 16, i.e. a toad torque on the crank- 
shaft of the engine 16, an engine speed sensor 27 for 
detecting a rotational speed of the engine 16. i.e. a rota- 
tkx^al speed of the generator 17, a throttle actuator 28 
for actuating a throttle valve (not shown) of the engine 
16, a fuel supply device 29 for supplying fuel to the en- 
gine 16. and a canister purging system 30 for purging a 
canister (no4 shown) associated with the fuel supply de- 
vice 29. Jhe exhaust gas purifying catalyst 24 comprises 
a catalyst whfch can be activated when it is heated by 
an electric cun-ent supplied thereto. When the canister 
needs to be purged, the canister purging system 30 ap- 
plies a canister purge request signal to the engine con- 
troller 18. through w^ich the purge request signal is sup- 
plied to the electric generatfon management device 21 . 
The canister is purged to tower the vapor pressure ol a 
fuel gas that is stored in the canister for thereby improv- 
ing the exhaust gas emissnn performance of the engine 
1 6. The canister is purged ^en the engine 16 is tempo- 
rarily in operatton. 

The electric generatton management device 21 , the 
engine controller 18. and the generator controller 20 
comprise a microcomputer or the like, and are pro- 
grammed to perform various functtons described betow. 
As shown in FIG. 3. the electric generation manage- 



ment devfce 21 comprises a start commanding unit 31 
(start signal outputting means) for Issuing a start signal 
to the engine controller 18 and the generator controller 
20 to activate the electrb energy generating apparatus 
5 2. a cranking commanding unit 32 for cranking the en- 
gine 16 to start through the engine controller 18 and the 
generator controller 20. an ignitton commanding unit 33 
for igniting fuel in the engine 16 through the engine con- 
troller 18 when the engine 16 is cranked, a switching 
10 commanding unit 34 for switching the generator 1 7 from 
a motor mode in which it operates as a starter motor to 
crank the engine 16 to a generator mode in whwh the 
generator 17 operates as a generator, through the gen- 
erator controller 20, a warm-up control unit 35 (wanm-up 
IS control means) for controlling theengine16andthegen- 
erator 1 7 to operate through the engine controller 1 8 and 
the generator controller 20 when the engine 16 is warm- 
ing up after it has started, an electric generation control 
unit 36 (electric generatton control means) for controlling 
20 electric generatton by the engine 16 and the generator 
17 through the engine controller 18 and the generator 
controller 20 after the engine 16 has been warmed up, 
and a regeneratton control unit 37 for controlling electric 
generatton by the engine 16 and the generator 17 
25 through the electrto generatton control unit 36 upon re- 
generative braking on the propulsive electrto motor 4. 
The start commanding unit 31 has a threshold value set- 
ting unit 31a (remaining-capacity threshold value setting 
means) for establishing a threshokJ value for the remain- 
so ing capacity C of the battery 3 which detemiines the tim- 
ing to start the electric energy generation apparatus 2. 
The cranking commanding unit 32 has a starting rota- 
tional speed setting unit 32a (starting rotattonal speed 
setting means) for establishing a starting rotattonal 
3S speed for the enghe 16, i.e. a starting rotational speed 
for the generator 17, when the engine 16 is cranked. 

The electrto generation management device 21 is 
supplied with various detected signals, including a de- 
tected signal ind toative of the remaining capacity C of the 
^ battery 3 from the vehicle propulsion management de- 
vtoe 6, and also a detected signal from the atmospheric 
pressure sensor 22. The electrto generatton manage- 
ment devtoe 21 is further supplied with detected signals 
from the temperature sensor 25 and the engine speed 
4S sensor 27. Based on the supplied signals, the electrto 
generatton management devtoe 21 manages and con- 
trols the electrto energy generatton apparatus 2 as de- 
scribed in detail later on. 

The engine controller 18 comprises a sensor/cata- 
so lyst energizing unit 38 for energizing and activating the 
exhaust gas sensor 23 andthe exhaust gas purifying cat- 
alyst 24 based on a start signal issued from the start com- 
manding unit 31 , an activatton determining unit 39 (acti- 
vatton determining means) for determining whether the 
exhaust gas sensor23 andthe exhaust gas purifying cat- 
alyst 24 have been activated or not and imparting a de- 
termined signal to the electrto gerwratton management 
device 21 , a starting ignitton control unit 40 for controlling 
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the ignition of fuel in ths engine 16 upon start of the en- 
gine 1 6 through the fuel supply device 29 and an ignition 
device (not shown) based on an ignition command from 
the ignition commanding unit 33. a full-conribustion de- 
termining unit 41 (full-combustion detemnining means) s 
for determining whether the combustion of fuel in the en- 
gine 16 has reached a fully combusted state when the 
engine 16 is ignited, and imparting a determined signal 
to the electric generation management device 21 . a com- 
bustion control unit 42 for controlling the combustion of io 
fuel tn the engine 16 through the fuel supply device 29 
based on command signals from the warm-up control 
unit 35 and the electric generation control unit 36, and a 
throttle control unit 43 for controlling the opening of throt- 
tle valve of the engine 16 through the throttle actuator 28 IS 
based on command signals from the cranldng command- 
ing unit 32, the warm-up control unit 35, and the electric 
generation control unit 36, when the engine 16 is 
cranlced, warming up, or subsequently operated. 

The engine controller 18 is supplied with command 20 
signals from the electric generation management device 
21 and detected signals from the exhaust gas sensor 23, 
the temperature sensor 25, the load detector 26, and the 
engine speed sensor 27. Based on the supplied signals, 
the engine controller 18 controls the engine 16 as de- 2S 
scribed in detail later on. 

The generator controller 20 comprises a motor con- 
trol unit 44 for operating the generator 17 as a starter 
motor for the engine 16 through the generator energy 
supply controller 19 based on a command signal from 30 
the cranking commanding unit 32. a switching control 
unit 45 for switching the generator 17 from the motor 
nrKxJe to the generator mode through the generator en- 
ergy supply controller 19 based on a command signal 
from the switching commanding unit 34, and a generator 3S 
control unit 46 for controlling electric generation by the 
generator 17 through the generator energy supply con- 
troller 1 9 based on a command signal from the wamr»-up 
control unit 35 and the electric generation control unit 36. 

The generator controller 20 is supplied with a detect- 40 
ed signal from the engine speed sensor 27 through the 
engine controller 18 as well as commarxl signals from 
the electric generation management device 21 . Based 
on the supplied signals, the generator controller 20 con- 
trols the generator 1 7 through the generator energy sup- 4S 
ply controller 1 9 as described in detail later on. 

The sensor/catalyst energizing unit 38 of the engine 
controller 18 senses as exhaust gas sensor activating 
means and catalyst activattng means. The cranking 
commaiKiing unit 32 of the electric generation manage- so 
ment device 21 serves as engine start signal outputting 
means. The cranking commanding unit 32 of the electric 
generation management device 21. the motor control 
unit 44 of the generator controller 20, and the generator 
energy supply controller 19 jointly serve as cranking ss 
means 47. The ignition commanding unit 33 of the elec- 
tric generation management dsvne 21 and the starting 
ignitkx) control unit 40 of the engine controller 18 jointly 



serve as engine control means 48. The switching com- 
manding unit 34 of the electric generation management 
device 21 , the switching control unit 45 of the generator 
controller 20, and the generator energy supply controller 
1 9 jointly serve as generator operation switching means 
49. 

Operation of the electric energy generating appara- 
tus 2 of the hybrki vehble will be described bek)w. 

While the vehic\e propelling apparatus 1 is in oper- 
ation, e.g. while the hybrid vehicle is running or tempo- 
rarily stopping, the electric generation management de- 
vice 21 caries out a routine shown in FIGS. 5 and 6 in 
every cycle time of 10 milliseconds, for example. 

As shown in RG. 5, the electric generatkin manage- 
ment device 21 first starts a 10-ms. timer in a STEP 1, 
arxl then the threshokl value setting unit 31 a establishes 
a threshoW value for the renraining capacity C of the 
battery 3 in a STEP 2. The threshold value is used to 
determine whether the electric energy generating appa- 
ratus 2 is to be activated or not. Specifically, the threshold 
value setting unit 31 a establishes the threshold value C,^ 
according to a predetermined data table as shown in 
FIG. 7 depending on the present atmospheric pressure 
ATp detected by the atmosphenc pressure sensor 22. 
As shown in FIG. 7. the threshoM value is higher as 
the detected atmospheric pressure ATp is tower. Under 
the atmospheric pressure in a plain geographic region, 
the threshoM value C|. is set to 20 % of the full battery 
capacity which Is 100 % when the battery 3 is ful^ 
charged. In a highland where the atmospheric pressure 
is k>¥fer than the atnx>spheric pressure in a plain geo- 
graphic region, the threshold value is set to a value 
higher than 20 %, e.g. 40 % of the full battery capacity. 

After having established the threshoM value Cl., the 
electric generatnn management device 21 carries out 
decision STEPs 3 ~ 10. and activates the engine con- 
troller 1 8 depending on the results of the decision STEPs 
3~ 10. 

Specifically, the electric generation management 
device 21 determines whether an E.M.FIg (Energy Man- 
agement Flag) is •!■ or "O" in a STEP 3. The E.M FIg 
indicates whether a electrc energy generation control 
mode (descritjed later on) has been carried out or not. 
The E.M.FIg is '1 • if the electric energy generation con- 
trol nKxJe has been carried out, and '0' if the electric en- 
ergy generation control mode has not been carried out. 
If the E.M FIg is '1 * in the STEP 3 (YES), then the electric 
energy generation control nxxJe is continuously carried 
out. 

If the E.M.Flg is "0" in the STEP 3 (NO), then the 
electric generation management devk;e 21 determines 
whether the canister is being purged or not in a STEP 4. 
If the canister is being purged (at this time, the engine 
16 is controlled by the engine controller 18 under the 
command from the canister purging system 30), then 
electric generatkxi management device 21 resets the 
E M. Fig to "0" in a STEP 1 2. and thereafter suspends or 
Inactivates the electric energy generating apparatus 2 in 
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a STEP 13. Specifically rn the STEP 13. the supply of 
electric energy from the generator 1 7 to the battery 3 and 
the propulsive electric motor 4 is stopped or suspended, 
but the engine 16 Is controlled by the canister purging 
system 30. 

If the canister is not being purged in the STEP 4 
(NO), then the electric generation management device 
21 compares the present remaining capacity C of the 
battery 3 which is recognized by the remaining capacity 
recognizing unit 13 with the established threshold value 
Cl in a STEP 5. If C ^ C^, i.e. If the remaining capacity 
C of the battery 3 is not substantially lowered, then the 
electric generation management device 21 compares 
the present effecUve maximum output P^ax of the bat- 
tery 3 which is determined by the effective rraximum out- 
put calculating unit 15 with a predetermined required 
maximum output Pmotor *or the propulsive electric nrntor 
4, i.e. a power output of the propulsive electric motor 4 
which is required when the accelerator operation A is 
maximum, in a STEP 6. 

If C < Cl or P^^^x ^ Pmotor ' if remaining capacity 
C of the battery 3 Is substantially lowered or the battery 
3 is incapable of producing an energy output necessary 
to propel the hybrid vehicle, then the start commanding 
unit 31 of the electric generation management device 21 
applies start signals successively to the engine controller 
18 and the generator controller 20 to activate them in 
STEPS 8, 8a. 9. 9a. When the engine controller 18 is ac- 
tivated, the sensor/catalyst energizing unit 38 starts en- 
ergizing and activating the exhaust gas sensor 23 and 
the exhaust gas purifying catalyst 24. and simultaneou&> 
ly the activation determining unit 39 starts determining 
whether the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated or not. Specif- 
ically, the activation determining unit 39 determines 
whether the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been energized by the sen- 
sor/catalyst energizing unit 38 for respective periods of 
time in excess of preset periods of time, or the temper- 
atures of the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have exceeded respective preset 
temperatures. When the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have been energized 
for respective periods of time in excess of preset periods 
of time, or the temperatures of the exhaust gas sensor 
23 and the exhaust gas purifying catalyst 24 have ex- 
ceeded respective preset temperatures, the activation 
determining unit 39 determines that both the exhaust gas 
sensor 23 and the exfiaust gas purifying catalyst 24 have 
been activated, and outputs a signal indicative of their 
activation to the electric generation management device 
21. 

After having activated the engine controller 18 and 
the generator controller 20, the electric generation man- 
agement device 21 instmcts the engine controller 18 to 
effect an initial control process for operating the engine 
16 in STEPS 10. 10a. After the initial control process, the 
electric generation management device 21 determines 



whether the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated or not based 
on a signal from activation determining unit 39 in a STEP 
11. 

5 If C ^ Cl and P^^^x > Pmotor the STEPs 5, 6. i.e. 
If the battery 3 has a sufficient remaining capacity, then 
the electric generation management device 21 deter- 
nrtines whether there is a canister purge request signal 
from the canister purging system 30 or not in a STEP 7. 
10 If there is no canister purge request signal, then the elec- 
tric energy generating apparatus 2 is suspended or in- 
activated in the STEPs 12, 1 3. If there is a canister purge 
request signal from the canister purging system 30 in the 
STCP7 (YES), thentheelectric generation management 

IS device 21 activates the engine controller 1 8 for enabling 
the canister purging system 30 to purge the canister. 

As described above, if the remaining capacity C of 
the battery 3 is substantially bwered (C < CJ or the bat- 
tery 3 is incapable of producing an energy output neces- 

20 sary to propel the hybrid vehicle (Pmax S Pmotor) while 
the vehicle propelling apparatus 1 is in operation, then 
except when the canister is being purged, the engine 
controller 1 8 and the generator controller 20 are activat- 
ed by the start commanding unit 31 of the electric gen- 

25 eration management device 21, and the exhaust gas 
sensor 23 and the exhaust gas purifying catalyst 24 are 
energized and activated by the sensor/catalyst energiz- 
ing unit 38. 

Because the threshold value Cl for remaining ca- 
30 pacity C of the battery 3 is greater as the ambient atmos- 
pheric pressure ATp is lower, the engine controller 18 is 
activated earlier in a highland where the atmospheric 
pressure ATp is relatively low than in a plain geographi- 
cal region. 

35 If the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated as confimied 
by a signal from activation determining unit 39 in the 
STEP 1 1 (YES), the electric generation management de- 
vice 21 detenmines whether the difference INqr - Nl be- 

<o tween a starting rotational speed Nqr (cranking rotation- 
al speed Nqp) established by the starting rotational 
speed setting unit 32a for the engine 16 and a present 
rotational speed N (= a rotational speed of the generator 
17) of the engine 16 detected by the engine speed seiv 

^ sor 27 is smaller than a predetermined value AN or not. 
i.e. if the present rotational speed N of the engine 16 sub- 
stantially agrees with the starting rotational speed Ncr 
or not, in a STEP 14 (see FIG. 6). If INqr - Nl a AN, i.e. 
if the engine 1 6 and the generator 17 are inactivated or 

so the engine 16 has just begun to be cranked, then the 
cranking commanding unit 32 issues a cranking com- 
mand to the generator controller 20 to crank the engine 
1 6 in a STEP 1 5, and carries out a cranking control mode 
in which the engine 1 6 is cranked by the generator 1 7 as 

ss a starter motor in a STEP 1 6. 

"me cranking control mode in the STEP 1 6 is effect- 
ed by the cranking commanding unit 32 as shown in FIG. 
8. 
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In the cranking control mode shovw) in FIG. 8, the 
starting rotational speed setting unit 32a of the cranking 
conrmrianding unit 32 determines a target starting rota- 
tional speed NcR from adata table shown in FIG. 9 based 
on a present engine temperature Ty^, of the engine 16 
which is detected by the temperature sensor 25, arxJ de- 
termines a target throttle opening THcr for the engine 
16 from a data table shown in FIG. 10 In a STEP 1 . The 
data tables shown in FIGS. 9 and 10 contain predeter- 
mined different target starting rotational speeds Nqr and 
predetermined different target throttle openings THcr, 
respectively, corresponding to various engine tempera- 
tures Tyy of the engine 1 6 for better exhaust gas charac- 
teristics of the engine 16. 

Tlie cranking commanding unit 32 outputs the de- 
termined target starting rotational speed r and the de- 
termined target throttle opening THcr respectively to the 
generator controller 20 and the engine controller 18 in 
respective STEPs 2, 3. 

At this time, the motor control unit44of the generator 
controller 20 determines, according to a given formula, 
a command value for a motor current necessary to bring 
the present rolatkxial speed N of the generator 17 (= the 
rotational speed of the engine 16) into agreement with 
the target starting rotatkmal speed Nqr when the gener- 
ator 17 operates as an electric motor, and gives the de- 
termined command value to the generator energy supply 
controller 19. Based on the given command value, the 
generator energy supply controller 19 adjusts the duty 
cycle of switching pulses for controlling the electric en- 
ergy supplied from the battery 3 to the generator 17. In 
this manner, the electric energy supplied from the battery 
3 to the generator 1 7 which operates as an electric motor 
is controlled by a feedback loop until the rotatwnal speed 
N of the generator 17 agrees with the target starting ro- 
tational speed r^„. 

The throttle control unit 43 of the engine controller 
1 8 controls the throttle opening of the engine 1 6 th rough 
the throttle actuator 28 until the throttle opening of the 
engine 1 6 agrees with the target throttle opening THcr. 

If INcR - Nl < AN In the STEP 14 (YES) as a result 
of the cranking control mode shown in FIG. 8, i.e. if the 
rotational speed N of the generator 17 substantially 
agrees with the target starting rotational speed Ncr. then 
the electric generatfon management devce 21 deter- 
mines whether the combustion of fuel in the engine 16 
has reached a fully combusted state or not based on a 
signal issued from the full-combustk)n detemrtining unit 
41 in a STEP 17. If not, the electric generation manage- 
ment device 21 imparts an ignitkxi command to the en- 
gine controller 18 to ignite fuel in the engine 16 in a STEP 
18. 

At this time, the starting ignitkin control unit 40 con- 
trols the fuel supply unit 29 to start supplying fuel to the 
engine 16, and also controls the non-illustrated ignitkxi 
device to ignite fuel in the engine 16. starting to combust 
fuel in the engine 16. The starting ignitkxi control unit 40 
controls the fuel supply unit 29 to supply fuel to the en- 



gine 16 white monitoring exhaust gases from the engine 
16 with the exhaust gas sensor 23 so that any undesir- 
able exhaust emissfons will be minimized. 

When the engine 1 6 is thus ignited and started, since 
s the exhaust gas sensor 23 has already been activated, 
the rotational speed N and the throttle opening of the en- 
gine 16 have been controlled for better fuel jgnitability, 
and the exhaust gas purifying catalyst 24 has already 
been activated, any undesirable exhaust emissions can 
10 suffk:iently be reduced. 

The engine 1 6 is continuously cranked when the en- 
gine 1 6 is thus ignited and started. 

In controlling the engine controller 18 and the gen- 
erator controller 20 after being activated, the electric 
'5 generatwn management device 21 determines, as de- 
scribed above with respect to the STEP 17. whether the 
combu8tk)n of fuel in the engine 16 has reached a fully 
combusted state or not based on a signal issued from 
the f ull-combustfon determining unit 41 . 
20 Specifrcally, whether the combustion of fuel in the 
engine 16 has reached a fully combusted state or not is 
determined by the full-combustion determining unit 41 in 
a full-combustion deciskxi nxxJe shown in FIG. 11. 
As shown in RG. 11 . the full-combustion determin- 
es ing unit 41 detects a rotational speed N and an engine 
k>ad L of the engine 16 respectively with the engine 
speed sensor 27 and the k>ad detector 26 in a STEP 1 , 
and then detennines an engine load at the detected 
rotatnnal speed N when the engine 16 is cranked and 
30 an engine load Lp when fuel starts being combusted in 
the engine 16, i.e. when fuel is In an ignited state to start 
the engine 16, from a data table shown in FIG. 12, in a 
STEP 2. The data table shown in FIG, 12 contains vari- 
ous different engine bads Lq, Lp experimentally deter- 
as mined at vark>us rotatkxial speeds N of the engine 16. 
At any of the rotational speeds N of the engine 16. the 
corresponding engine toad Lp when fuel is in the ignited 
state in the engine 16 is larger than the corresponding 
engine load Lc when the engine 16 is cranked. When 
^ fuel in the engine 16 is in the fully combusted state in 
whBh the fuel combustton is stable in the engine 1 6. the 
k>ad on the engine 16 is smaller than the engine toad Lp 
arxJ larger than the engine toad Lc at any of the rotattonat 
speeds N. 

^ After having detected the engine toad Lp and the en- 
gine toad Lc, the f ull-combustton determining unit 41 de- 
termines whether the present detected engine toad L is 
greater than the engine toad Lc upon cranking by a pre- 
determined value AL (see FIG. 12) or not in a STEP 3. 
so If LSLc+AL. i.e. if the present engine toad Lis dose 
to the engine toad Lc upon cranking, then the f ull-com- 
bustton determining unit 41 determines that the engine 
16 is being cranked. 

If L > Lc + AL, then full-combustton determining unit 
ss 41 determines whether the engine toad L is smaller than 
the engine toad Lp upon start of fuel combustion (upon 
fuel ignitton) by the predetermined value AL or not in a 
STEP 4. If L £ Lp - AL. i.e. if the present engine load L 
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is close to the engine load Lp upon start of fuel combus- 
tion, then the fuII-combustlon determining unit 41 deter- 
mines that the fuel combustion in the engine 16 is In an 
Ignited state in which the fuel combustion is unstable. 

If Lp - AL < L < Lc + AL, then the fuel combustion in 
the engine 1 6 is basically considered to be in a fully com- 
busted state. However, when the fuel combustion in the 
engine 16 is in an ignited state, the engine load L may 
temporarily be In the-condilion: L < Lp - AL because the 
fuel combustion is unstable. Therefore, the f ulkMmbus- 
tion determining unit 41 determines whether the engine 
load condition: Lp-AL<L<Lc+ALhas continued for 
a predetermined period of time or not in a STEP 5. if the 
engine load condition: Lfc - AL < L < Lc + AL has contin- 
ued for the predetermined period of time, then the 
full-combustion determining unit 41 issues a signal indi- 
cating that the engine load condition: Lp - AL < L < Lc + 
AL has continued for the predetermined period of time 
to the electric generation management device 21 in a 
step 6. If the engine load condrtion: Lp - AL < L < Lc + 
AL has not continued for the predetermined period of 
time, then the full-combustion detenmining unit 41 deter- 
mines that the fuel combustion in the engine 16 is still in 
an ignited state. 

The full-combustion decisjon mode thus can^ied out 
as described above with reference to FIG. 11 allows the 
electric generation management device 21 to determine 
reliably that the fuel combustion in the engine 16 is in a 
fully combusted state. 

When the electric generation management device 
21 has detemrtined that the fuel combustion in the engine 
16 is in a fully combusted state after the start of the fuel 
combustion, the electric generation management device 
21 determines whether the generator 17 is switched from 
the motor mode to the generator mode based on a re- 
sponse signal from the generator controller 20 in a STEP 
19 In FIG. 6. If not, the switching commanding unit 34 
instructs the generator controller 20 to switch the gener- 
ator 1 7 from the motor mode to the generator mode in a 
STEP 20. 

The switching control unit 45 of the generator con- 
troller 20 now switches the generator 17 from the motor 
mode to the generator mode in a generator switching 
control mode shown in FIG. 13. 

Specifically, as shown in FIG. 13. the switching con- 
trol unit 45 detects a present rotational speed N of the 
generator 1 7 with the engine speed sensor 27 in a STEP 
1. Then, the switching control unit 45 detennines, ac- 
cording to a given fonmula, a command value IqutM for 
a motor current necessary to bring the present rolationaJ 
speed N of the generator 1 7 into agreement with the tar- 
get starting rotational speed Men given from the starting 
rotational speed setting unit 32a when the generator 17 
operates as an electric motor, in a STEP 2. SImilarty, the 
switching control unit 45 determines, according to a giv- 
en formula, a command value IqutG for a generator cur- 
rent necessary to bring the present rotational speed N of 
the generator 1 7 into agreement with the presently given 



target starting rotational speed when the generator 
17 operates as a generator, in a STEP 3. 

The switching control unit 45 compares the detected 
rotational speed N and the target starting rotational 
s speed Ncr In a STEP 4. If N ^ Ncr, i.e. if the rotational 
speed N is slightly higher than the target starting rota- 
tional speed Ncn, then the switching control unit 45 out- 
puts the command value IqutM determined in the STEP 
2 to the generator energy supply controller 1 9 in a STEP 
10 5. The generator energy supply controller 1 9nowadjusts 
the duty cycle of switching pulses according to the com- 
mand value IqutM for thereby reducing the rotational 
speed of the generator 1 7 so as to be lower than the tar- 
get starting rotational speed Ncr. 
IS If N < Ncn in the STEP 4 (YES), i.e. if the rotational 
speed N is slightly bwer than the target starting rotational 
speed fM^p, then the switching control unit 45 reduces a 
command value Iqut^^x* w^ich is presently given to the 
generator energy supply controller 1 9 to operate the gen- 
20 erator 17 as an electric nrwtor, stepwise by a predeter- 
mined value Alpyi until the command value IqutI^ 
finally becomes "O" (Iout^x <- Iqi/tMx - AIm), and out- 
puts the new command value IqutMx <o generator 
energy supply controller 1 9 in STEPs 6 ~ 8. The gener- 
is ator energy supply controller 19 gradually reduces the 
amount of electric energy which is being supplied from 
the battery 3 to the generator 17 to operate the generator 
1 7 as an electric motor. 

Thereafter, the switching control unit 45 increases a 
30 command value Iqut^x- w^*ch is given to operate the 
generator 1 7 as a generator, stepwise from an initial val- 
ue IoutGint by a predetermined value AIq until the com- 
mand value Iqut^x finally reach the command value 
loujG detemiined in the STEP 3 (IoutGx <- 'out<3x + 
3S AIq), and outputs the new command value lom^x *o the 
generator energy supply controller 1 9 in STEPs 9-13. 
The generator energy supply controller 19 gradually in- 
creases the amount of electric energy generated by the 
generator 1 7. which has started to generate electric en- 
^ ergy. 

In the above generator switching control nnode. the 
current comnrand value applied to the generator energy 
supply controller 19 varies as shown in FIG. 14(a). At 
this time, the load imposed on the engine 16 by the gen- 
« erator 1 7 does not sharply vary, but gradually varies from 
a condition in which the engine 1 6 is actuated by the gen- 
erator 1 7 operating as an electric nrwtor to a condition in 
which the engine 1 6 actuates the generator 17 to cause 
the generator 17 to generate electric energy, as shown 
so in FIG. 1 4(b). Therefore, because the load on the engine 
16 is not subject to sharp changes upon switching from 
the former condition to the latter condition, the engine 1 6 
operates stably and does not produce unwanted vibra- 
tions. Since the engine 16 operates stably, the fuel com- 
ss bustion in the engine 1 6 is prevented from becoming un- 
stable, and the engine 16 is prevented from emitting un- 
desirable toxic exhaust gases. 

After the generator switching control nrwde, the elec- 
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trie generation management device 21 carries out a 
warm-up control mode tor warming up the engine 1 6 and 
generating electric energy with the generator 17 In a 
STEP 21 in FIG. 6. 

In the warm-up control mode, the warm-up control 
unit 35 of the electric generation management device 21 
operates in an operation sequence shown in FIG. 15. 

As shown in FIG. 15, the vwarm-up control unit 35 
first determines, in a STEP 1 , a target warm-up rotational 
speed for the engine 1 6 and a target generated out- 
put Py^, for the generator 17 from respective data tables 
shovm in FIGS. 16 and 17 tiased on the temperature Ty^ 
of the engine 1 6 which is presently detected by the tem- 
perature sensor 25. 

The data tables shown in FIGS. 16 and 17 are es- 
tablished In order to suppress unwanted exhaust emis- 
sions from the engine 16 while operating the engine 16 
under an adequate load. I.e. a generated output from the 
generator 1 7, depending on the engine temperature T^, 
and to increase the gerteration efficiency of the generator 
17 as much as possible. 

Then, the warm-up control unit 35 determines, in a 
STEP 2, a target reference current ly for the generator 
17 and a target reference throttle opening TH^ase 
the engine 16 from predetermined maps based on the 
target warm-up rotational speed Ny^ and the target gen- 
erated output Pyy which have been determined in the 
STEP 1 . The wanm-up control unit 35 detemnines a com- 
nr«nd value THquj for the thronle opening of the engine 
16 from the target reference throttle opening THa^g ac- 
cording to a predetermined formula in a STEP 3. 

TTie connmand value THq^t for the throttle opening 
has been corrected depending on the difference be- 
tween the present rotational speed N of the engine 16 
(= the rotational speed of the generator 1 7) and the target 
warm-up rctational speed and the difference be- 
tween the present generated output of the generator 1 7 
and the target generated output Pyy, and Is determined 
in order to equalize those differences to "0". 

The warm-up control unit 35 outputs the determined 
throttle opening command value TH^yj to the engine 
controller 18 in a STEP 4. The engine controller IB now 
controls the throttle control unit 43 to control the throttle 
opening of the engine 1 6 through the throttle actuator 28 
according to the given command value THquj. 

The warm-up control unit 35 then outputs target 
wamfHJp rotational speed Nyy, the target gerterated out- 
put Pyy, and the target reference current lyvw gen- 
erator controller 20 in a STEP 5. The generator control 
unit 46 of the generator controller 20 corrects the target 
reference current 1^^^ depending on the difference be- 
tween the present rotational speed N of the generator 17 
and the target wamn-up rotational speed and the dif- 
ference between the present ger>erated output of the 
generator 1 7 and the target generated output Py^^ accord- 
ing to a predetermined formula, thereby to determine a 
command value \^ for the generator current for equal- 
izing the rotational speed of the generator 17 and the 



generated electric energy from the generator 17 to re- 
spective target values, and outputs the command value 
Iqut to the generator energy supply controller 19. The 
generator energy supply controller 19 adjusts the duty 
s cycle of switching pulses according to the given com- 
mand value Iqut- thereby controlling the amount of elec- 
tric energy generated by the generator 17. 

In the warm-up control mode, the rotational speed 
N of the engine 16 and the generator 1 7 is controlled so 
10 as to be equal to the target warm-up rotational speed 
fsiyy. and the generated output of the generator 1 7 is con- 
trolled so as to be equal to the target generated output 
Pvi/. The engine 10 is thus warmed up with low unwanted 
exhaust emissions, and the generator 17 is actuated by 
IS the engine 16 to generate electric energy. The electric 
energy generated by the generator 1 7 is supplied to the 
battery 3 to charge the battery 3 and also to the propul- 
sive electric motor 4 to propel the hybrid vehicle. 

In the wamrvup control rrxxie. the combustion con- 
20 trol unit 42 of the engine controller 1 8 supplies fuel to the 
engine 16 to warm up the engine 16 in a manner to re- 
duce unwanted exhaust emissions while monitoring ex- 
haust gases with the exhaust gas sensor 23. 

When the propulsive electric motor 4 is subjected to 
25 regenerative braking in the warm-up control mode, the 
regeneration control unit 37 of the electric generation 
management device 21 carries out a regeneration con- 
trol mode which corrects the throttle opening command 
value THqut that is determined from time to time by the 
30 wamn-up control unit 35. in a STEP 25 shown in FIG. 6. 
Such a regeneration control nrxxJo will be descrtoed later 
on. 

In the warm-up control nrxxle, the outputUng of the 
command value Iqi/i- for the generator current from the 
35 generator controller 20 to the generator energy supply 
controller 1 9 is delayed from the outputting of the throttle 
opening command value THoyj frc*n the electric gener- 
ation management device 21 to the engine controller 18. 
Such output delaying will also be described later on. 
^ In FIG. 6, if the generator 1 7 switches its operation 
mode in the STEP 19 and the engine 10 starts being 
warmed up, then the electric generation management 
device 21 detennines. from time to time, whether the 
warming-up of the engine 1 6 Is finished or not, for exam- 
^ pie, based on the engine temperature Tw detected by 
the temperature sensor 25, in a STEP 2Z 

If the warming-up of the engine 16 is finished, the 
electric generation management device 21 sets the 
E.M.FIg to M" in a STEP 23. and carries out an electric 
so generation control mode in a STEP 24. 

The electric generation control mode is carried out 
by the electric generation control unit 36 of the electric 
generation management device 21 as shown in FIG. 18. 
In FIG. 18, the electric generation control unit 36 de- 
55 termines a target reference rotational speed Nq^se 
the engine 16 and the generator 17 and a target refer- 
ence generated output Pb^se ^r the generator 17 from 
respective predetermined data tables shown in FIGS. 1 9 
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and 20 based on the vehicle speed V^ar supplied from 
the vehicle propulsion management device 6, in a STEP 
1. The data tables shown in FiQS. 19 and 20 are deter- 
mined such that as the vehicle speed Vqar is higher, i.e. 
as the amount of electric energy required by the propul- 
sive electric motor 4 is greater, the amount of electric en- 
ergy generated by the generator 17 is greater. 

The electric generation control unit 36 corrects the 
target reference rotationaJ speed N^ase depending on 
the difference with the present rotationa! speed N. there- 
by determining a target rotational speed Njr for the en- 
gine 1 6 and the generator 1 7, and also corrects the target 
reference generated output Pbase depending on the dif- 
ference with the present generated output, thereby de- 
termining a target generated output P-^, in a STEP 2. 

The electric generation control unit 36 checlts if the 
target rotational speed Njp and the target generated out- 
put PjR fall respectively in an allowable speed range of 
the engine 16 and the generator 17 and an allowable 
generated output range of the generator 17 in a STEP 
3. Thereafter, the electric generation control unit 36 de- 
termines a target reference current 1^^^ for the genera- 
tor 1 7 and a target r^erence throttle opening THqase tor 
the engine 16 from predetermined maps in the same 
manner as with the warm-up control mode, in a STEP 4. 

Then, as with the warm-up control mode, the electric 
generation control unit 36 corrects the target reference 
throttle opening THb^se according to a predetermined 
formula depending on the difference between the target 
rotational speed and the present rotational speed N 
and the difference behween the target generated output 
PjR and the present generated output, thus detenmining 
a command value THqut ^r the throttle opening which 
will equalize the rotational speed and the generated out- 
put to respective target values, in a STEP 5. The electric 
generation control unit 36 then outputs the command val- 
ue THqut to the engine controller 18 in a STEP 6. The 
engine controller 18 now controls the throttle control unit 
43 to control the throttle opening of the engine 1 6 through 
the throttle actuator 28 according to the given command 

The electric generation control unit 36 outputs the 
target rotational speed Nm. the target generated output 
PjR, and the target reference current l,jvy^ to the gener- 
ator controller 20 in a STEP 7. The generator control unit 
46 d the generator controller 20 corrects the target ref- 
erence current lyyyy depending on the difference be- 
tween the target rotational speed 1^1^ and the present 
rotational speed N and the difference between the target 
generated output PjR and the present generated output i 
according to a predetermined formula, thereby to deter- 
mine a command value Iquj the generator current 
The electric generation control unit 36 controls the gen- 
erator energy supply controller 1 9 to control the amount 
of electric energy generated by the generator 17 accord- i 
ing to the given command value lour- 
In the electric energy generation mode, the rotation- 
al speed N of the engine 1 6 and the generator 1 7 is con- 



trolled so as to be equal to the target rotational speed 
1%. and the generated output of the generator 1 7 is con- 
trolled so as to be equal to the target generated output 
Ptr- The generation of electric energy is thus effected 
adequately by the generator 1 7 depending on conditions 
in which the hybrid vehicle ains. The electric energy gen- 
erated by the generator 17 is supplied to the battery 3 to 
charge the battery 3 and also to the propulsive electric 
motor 4 to propel the hybrid vehicle. Since the amount 
of electric energy generated by the generator 1 7 is great- 
er as the amount of electric energy required by the pro- 
pulsive electric motor 4 is greater, the amount of electric 
energy supplied from the battery 3 to the propulsivo elec- 
tric motor 4 may be smaller when the amount of electric 
energy required by the propulsive electric motor 4 is 
greater, and any reduction in the capacity of the battery 
3 is minimized. 

In the electric energy generation mode, the combus- 
tion control unit 42 of the engine controller 18 supplies 
fuel to the engine 1 6 to warm up the engine 1 6 in a man- 
ner to reduce unwanted exhaust emissions while moni- 
toring exhaust gases with the exhaust gas sensor 23. 

When the propulsive electric motor 4 is subjected to, 
or is being subjected to, regenerative braking in the elec- 
tric energy generation mode or the warm-up control 
mode, the regeneration control unit 37 of the electric gen- 
eration management device 21 carries out a regenera- 
tion control mode which corrects the throttle opening 
command value THqut that is determined by the electric 
30 generation control unit 36 or the warm-up control unit 35 
of the electric generation management device 21. 

The regeneration control mode is carried out as 
shown in FIG. 21 . In FIG. 21 , while electric energy is be- 
ing generated by the generator 1 7, the regeneration con- 
as trol unit 37 detennines from time to time whether the mo- 
tor current l„ supplied from the current sensor 10b 
through the vehicle propulsion management device 6 is 
a current flowing from the battery 3to the propulsive elec- 
tric motor 4ora regenerated current flowingfrom the pro- 
40 pulsiveelectricmotor4tothebattery% based on the 
direction of the motor current 1^^ in a STEP 1 . 

If the motor current 1^^ is not a regenerated current, 
i.e. if the propulsive electric motor 4 has not yet been 
subjected to regenerative braking, then the regeneratkxi 
*s control unit 37 determines whether the hybrid vehicle has 
been braked or not based on a braking signal from the 
brake switch 8 in a STEP 2 and also determines whether 
a reductwn with time in the accelerator operation A from 
the accelerator operaton sensor 7 has exceeded a pre- 
*o determined value or not in a STEP 3. 

If the hybrid vehnle has been braked or the accel- 
erator operatton A has been reduced relatively greatly, 
then since regenerative braking is about to be effected 
on the regenerative electrfc motor 4, the regeneratkxi 
« control unit 37 detemiines a corrective value ATH for the 
throttle opening command value THqut as a predeter- 
mined value ATHq in a STEP 4. The regeneration control 
unit 37 then subtracts the determined corrective value 
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ATH from the throttle opening command value THqut 
which is detemiined by the electric generation control 
unit 36 or the warm-up control unit 35 as described 
above, thereby correcting the throttle opening command 
value THqut a STEP 5. The electric generation control s 
unit 36 or the wanm-up control unit 35 outputs the cor- 
rected command value THqut to the engine controller 
81. 

If the motor current 1^ is a regenerated current In the 
STEP 1 (YES), i.e. If the propulsive electric motor 4 has io 
already been subjected to regenerative braking, then the 
regeneration control unit 37 determines an amount of re- 
generated electric energy according to a predetermined 
formula from the regenerated current Im and a voltage 
Vg detected by the voltage sensor 11 in a STEP 6. Based is 
on the magnitude of the determined amount of regener- 
ated electric energy, the regeneration control unit 37 de- 
termines a conective value ATH for the throttle opening 
command value THqut from a predetermined data table 
shown in FIG. 22 In a STEP 7. Basically, the corrective 20 
value ATH is greater as the amount of regenerated elec- 
tric energy Is greater 

Thereafter, the regeneration control unit 37 sub- 
tracts the determined corrective value ATH from the 
thiDttle opening command value THqut ^ich is deter- 25 
mined by the electric generation control unit 36 or the 
warm-up control unit 35 as described above, thereby cor- 
recting the throttle opening command value THquj in the 
STEPS. 

The throttle opening command value THqut is cor- ^ 
rected for the following reasons: When the propulsive 
electric motor 4 is operating as an electric motor, the 
electric load on the generator 17 is imposed by both the 
battery 3 and the propulsive electric motor 4. When the 
propulsive electric motor 4 is subjected to regenerative 3$ 
braking, no electrk; energy is supplied to the propulsive 
electric motor 4, and the electric load on the generator 
1 7 is imposed by only the battery 3. and hence is greatly 
reduced. When the electrc k>ad on the generator 17 is 
greatly reduced, the load on the engine 16 whbh actu- 40 
ates the generator 17 is also greatly reduced. Conse- 
quently, the engine 16 tends to race easily. When the 
engine 16 races, the engine 16 discharges undesirat^le 
exhaust emissions and unduly vibrates. This condition 
can be avokled by correcting the throttle opening in a 4t5 
manner to decrease w^en regenerative braking is about 
to be effected or being effected on the propulshre electric 
motor 4. 

In the electric ertergy generation mode or the 
warm-up control mode, the generator current command so 
value Iqut w^ich is determined from time to time by the 
generator controller 20 under the command of the elec- 
tric generatnn control unit 36 or the warm-up control unit 
35 is output to the generator energy supply controller 1 9 
at a time slightly after the time at which the throttle open- ss 
ing command value THqut (whfch may be corrected by 
the regeneratkxi control unit 37) determined from time 
to time by the electric generatton control unit 36 or the 



wamri-up control unit 35 concurrent with the calculatk)n 
of the generator current command value Iqut is output 
to the engine controller IB. 

More specifically, as shown in FIG. 23, in the electric 
generation control mode, for example, the electric gen- 
eratkxi control unit 36 and the generator control unit 46 
simultaneously determine a command value THqut *or 
the throttle opening and a command value IqutG for the 
generator current, respectively, in a STEP 1. and there- 
after the electric generation management device 21 de- 
termines a difference ANtr between the target rotalnnal 
speed Nth generator 17 whfch has been given to 
the generator controller 20 in a preceding cycle time and 
the target rotational speed Ntr for the generator 17 
which has been given to the generator controller 20 in a 
present cycle time in a STEP 2. 

The electrk: generation management d^ice 21 de- 
termines whether the rotatkxial speed of the engine 16 
b increased or reduced depending on whether the dif- 
ference Al^ is positive or negative in a STEP 3. If ANtr 
> 0, then the electrk: generatton management device 21 
detemnines a delay time Tq^y for the time to output the 
generator current command value IqutG from a prede- 
termined speed increasing map based on the present ro- 
tational speed N detected by the engine speed sensor 
27 and the difference ANtr in a STEP 4a If ANtr < 0. 
then the electrk: generation management devKe 21 de- 
termines a delay time Tdly for the time to output the gen- 
erator cun-ent command value Iqut^ from a predeter- 
mined speed reducing map based on the present rota- 
tional speed N and the difference ANtr " a STEP 4b. 
BasKally, the delay time Tqiy increases as the difference 
ANtr ^ greater. 

Then, the electrk: generatkxi nf)anagement devk» 
21 outputs the throttle opening command value THqut 
from the electrk: generatkxi control unit 36 to the engine 
controller 18, varying the throttle opening of the engine 
16 in a STEP 5. The electric generation management 
devH» 21 determines whether the delay time Tqiy has 
elapsed or not in a STEP 6. If the delay time Tqly has 
elapsed, then the electric generatkxi management de- 
vice 21 controls the generator controller 20 to output the 
generator cun-ent command value lou7<3 to the genera- 
tor energy supply controller 1 9, varying the duty cycle of 
switching pulses whk:h control the amount of electric en- 
ergy generated by the generator 17 in a STEP 7. 

The above operatkjn sequence shown in FIG. 23 is 
carried out also in the warm-up control mode. 

The time to output the generator current command 
value IqutG is delayed for the reasons described betow. 

Generally, while the generator 17 can be controlled 
with a good response, the engine 16 lends to suffer a 
delay in varying the amount of intake air when a com- 
mand is given to vary the throttle opening. Therefore, 
when the current of the generator 17 and the throttle 
opening of the engine 1 6 are simultaneously controlled, 
even though the current of the generator 17 can be con- 
trolled immediately, the engine 16 suffers a delay until it 
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produces drive forces demanded by the varied throttle 
opening. Therefore, the engine 16 undergoes load vari- 
ations before the drive forces generated by the engine 
1 6 vary, and tends to operate unstably. When the engine 
16 operates unstably, the engine 16 discharges undesir- 
able exhaust emissions and unduly vibrates. The time of 
the delay generally differs depending on the rotational 
speed of the engine 1 6, a variation In the rotational speed 
thereof, or the direction in which the rotational speed 
thereof varies, i.e. whether the rotational speed thereof 
increases or decreases. 

To avoid the above problems, the time to output the 
generator current command value IqutG is delayed for 
the delay time T^y depending on the target rotational 
speed for the engine 16, the difference Al^, and 
whether the difference ANjr is positive or negative. i.e. 
whether the rotational speed is increased or reduced. 
When the time to output the generator current command 
value IqutG is delayed for the delay time T^iy, the cur- 
rent control for the generator 1 7 and the drive force con- 
trol for the engine 16 are synchronized with each other 
thereby to operate the engine 16 stably. As a conse- 
querK», the engine 1 6 is prevented from discharging un- 
desirable exhaust emissions and unduly vibrating. 

On the hybrid vehicle in the above embodiment, the 
above operation sequence Is repeated in each of the cy- 
cle times. Spedficaliy, if the remaining capacity C of the 
battery 3 is reduced (C < C J or the battery 3 is unable 
to output the anfK)unt of electric energy required to propel 
the hybrid vehicle (Pmax ^ Pmotor) the vehicle pro- 
pelling apparatus 1 is in operation such as when the hy- 
brid vehicle is ninning, then except when the canister is 
being purged, the engine 16 is started by the generator 
1 7 acting as a starter motor. After the engine 1 6 has been 
warmed up, the generator 17 generates electric energy 
depending on conditions in which the hybrid vehicle runs, 
and the generated electric energy is supplied to the bat- 
tery 3 and the propulsive electric motor 4. 

When the hybrid vehicle is running on a highland, 
for example, since air supplied to the engine 1 6 for burn- 
ing fuel therein is thinner than in plain geographical re- 
gions, drive forces produced by the engine 1 6 are small- 
er than In plain geographical regions, and hence the 
amount of electric energy generated by the generator 1 7 
is reduced, allowing the battery 3 to be discharged quiclc- 
ly. However, inasmuch as the threshold value for de- 
termining the time to activate the electric energy gener- 
ating apparatus 2 is greater as the atmospheric pressure 
is tower, the battery 3 and the propulsive electric motor 
4 start being supplied with electric energy from the gen- 
erator 1 7 at an early stage where the capacity of the bat- 
tery 3 is relatively large. Therefore, since it takes time 
until the capacity of the battery 3 is lowered to a level 
where the battery 3 needs to be charged, the hybrid ve- 
hicle can travel a sufficiently long range on the highland 
in the same manner as when it runs in plain geographical 
regions. 

When the battery 3 is unable to output the amount 



of electric energy required to propel the hybrid vehicle 
(Pmax S Pmoior). *he electrlc energy generating appara- 
tus 2 begins to generate electric energy. Consequently, 
the njnntng performance dl the hybrid vehicle is suffi- 
s ciently maintained. 

As described above, the electric energy generating 
apparatus 2 is actrvated at an appropriate time deter- 
mined in view of the condition of the battery 3 and the 
running performance of the hybrid vehicle, for supplying 
10 electric energy to the battery 3 and the propulsive electric 
motor 4. When the engine 16 is started, it tends to pro- 
duce unwanted exhaust emissions and undue vibra- 
tions. However, because the engine 16 is started under 
adequate conditions as described above, the engine 16 
15 has exhaust gas properties and vibration characteristics 
optimized for environmental protection. 

While the electric energy generating apparatus 2 is 
activated depending on the remaining capacity C of the 
battery 3 and the effective maximum output P^^^ in the 
20 above embodiment, the electric energy generating ap- 
paratus 2 may be activated only when the rate of change 
with time of the remaining capacity C sharply decreases 
beyond a given value due to a sharp increase in the ac- 
celerator operation A Specifically, when the remaining 
2S capacity C of the battery 3 is of a relatively tow level, if 
the accelerator operation A is sharply increased, then the 
remaining capacity C of the battery 3 is sharply reduced, 
and no sufficient electric energy is supplied from the bat- 
tery 3 to the propulsive electric motor 4, with the result 
90 that the hybrid vehicle may not be able to meet certain 
required demands for running performance, e.g. may not 
be able to accelerate quickly, in such a case, the electrto 
energy generating apparatus 2 may be activated to avoid 
the above shortcoming. Speciftoaiy, to activate the elec- 
ts trie energy generating apparatus 2, a STEP (not shown) 
is added between the STEPs 5, 6 shown in FIG. 5 for 
comparing the rate of reduction with time in the remain- 
ing capacity C of the battery 3 with a predetemnined val- 
ue. If the rate of reduction with time in the remaining ca- 
^ paclty C of the battery 3 exceeds the predetemrtined val- 
ue, le. If the remaining capacity C of the battery 3 sharply 
decreases, control goes from the non-illustrated STEP 
to the STEP 8 in FIG. 5, as if from the STEP 5 (YES) to 
the STEP 8. If the rate of reduction with time in the re- 
« maining capacity C of the battery 3 is equal to or tower 
than the predetermined value, then control goes to the 
STEP 6 

While the starting rotattonal speed Nqr of the engine 
16 is established depending on the engine temperature 

^ Tw in the above embodiment, the starling rotattonal 
speed NcR may be established depending on the intake 
temperature of the engine 16. To this end, a temperature 
sensor (not shown) for detecting the intake temperature 
of the engine 16 is added to the hybrkJ vehicle, and a 

^ starting rotattonal speed Nqr is established according to 
a predetermined data table, similar to the data table 
shown in FIG. 9, for example, based on the intake tem- 
perature detected by the added temperature sensor. 
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Although a certain preferred embodiment of the 
present invention has been shown and described in de- 
tail, it shouid be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. s 



Claims 

1. An electric generation control system for use on a io 
hybrid vehicle having a vehicle propelling apparatus 
including a battery and a propulsive electric motor 
energizable by the battery, and an electric energy 
generating apparatus including an engine and a 
generator actuatable by the engine, the generator is 
being operable in a nrwtor mode in which the gener- 
ator is energized by the battery to operate as a 
starter motor for starting the engine while the vehicle 
propelling apparatus is in operation, and a generator 
nrwde In which after the engine is started, the gen- 20 
erator is actuated by the engine to generate electrb 
energy to be supplied to the battery and/or the pro- 
pulsive electric motor, said electric generation con- 
trol system comprising: 

remaining capacity recognizing means for rec- ^ 
ognizing a remaining capacity of the battery; 

start signal outputting means for issuing a start 
signal to activate the electric energy generating 
apparatus when the remaining capacity of the bat- 
tery as recognized by said remaining capacity rec- 30 
ognizing means is either lower than a predetermined 
threshold value or sharply reduced; 

an exhaust gas sensor associated with the 
engine for detecting exhaust gases emitted from the 
engine; ss 

exhaust gas sensor activating means for ener- 
gizing and activating said exhaust gas sensor based 
on said start signal; 

exhaust gas sensor activalion determining 
means for determining whether said exhaust gas 40 
sensor has been activated or not after the exhaust 
gas sensor has started being energized; 

engine start signal outputting means for out- 
putting a start signal to start the engine based on a 
signal from said exhaust gas sensor activation 4S 
determining means, which indicates that said 
exhaust gas sensor has been activated; 

cranking means for energizing the generator 
with the battery to operate the generator as the 
starter motor in the motor mode based on said start so 
signal, and controlling the generator to equalize a 
rotational speed of the engine actuated by the gen- 
erator to a predetermined starting rotational speed; 

engine control means for starting to supply fuel 
to the engine when the rotational speed of the 55 
engine reaches said predetermined starting rota- 
tional speed, and starting to combust the fuel in the 
engine while monitoring exhaust gases from the 



engine with said exhaust gas sensor. 

full-combustion d^erminlng means for deter- 
mining whether combustion of the fuel in the engine 
has reached a fully combusted state representing 
stable fuel combustion in the engine; and 

generator operation switching means for 
switching operation of the generator from the motor 
mode to the generator mode based on a signal from 
said full-combustion determining means, which indi- 
cates that combustion of the fuel in the engine has 
reached the fully combusted state. 

2. An electric generation control system according to 
daim 1, further comprising: 

temperature detecting means for detecting at 
least an engine temperature or an intake tempera- 
ture of the engine; and 

starting rotatkxial speed setting means for 
establishing sakJ starting rotatkxial speed for start- 
ing the engine based on the engine temperature or 
the intake temperature detected by said tempera- 
ture detecting means. 

3. An electric generatkxi control system according to 
daim 1 or 2, further comprising: 

load detecting means for detecting a load on 
the engine; 

sakJ full-combustkxi determining means com- 
prising means for determining that combustfon of the 
fuel in the engine has reached the fully combusted 
state when the load on the engine is detected by said 
k>ad detecting means as falling in a predetermined 
range between a predetermined engine ksad to be 
irr^posed when the engine is cranked by the gener- 
ator as the starter motor in the motor mode and a 
predetermined engine bad to be imposed when the 
engine starts to combust the fuel. 

4. An electric generatkm control system according to 
daim 3. wherein saki full-combustnn detemfiining 
means comprising means for determining that com- 
bustkm of the fuel in the engine has reached the fully 
combusted state when the ksad on the engine is 
detected by said k)ad detecting means as falling in 
said predetermined range continuously for a prede- 
termined period of time. 

5. An electric generatkxi control system according to 
daim 3 or 4, wherein said predetermined engine 
load to be imposed when the engine is cranked by 
the generator as the starter motor and sakJ prede- 
termined engine load to be imposed when the 
engine starts to combust the fuel are determined 
depending on the rotattonal speed of the engine. 

6. An electric generatkxi control system according to 
any preceding daim, further comprising: 

an exhaust gas purifying catalyst energizable 
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detecting means; 

said start signal outputting means comprising 
means for outputting said start signal when the 
effective maximum output which can be produced 
by the battery is at most a maximum output of the 
propulsive electric motor. 

la An electric generation control system according to 
any preceding claim, further comprising: 

temperature detecting means for detecting an 
engine temperature of the engine; 

vehicle speed detecting means for detecting a 
vehicle speed of the hybrid vehicle; 

warm-up control means for controlling the 
engine and the generator to operate at the rotational 
speed of the engine depending on the engine tem- 
perature detected by said temperature detecting 
means and an amount of electric energy generated 
by the generator after the generator has been 
switched from the motor mode to the generator 
mode by said generator operation switching means; 
and 

electric generation control means for control- 
ling the engine and the generator to operate at the 
rotational speed of the engine deperKJing on the 
vehicle speed detected by said vehicle speed 
detecting means and an anrxxint of electric energy 
generated by the generator after the engine has 
been operated by said warm-up control means. 
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9. An electric generation control system according to 
any preceding claim, further conprising: 

battery voltage detecting means for detecting 
a voltage across the battery; 

battery current detecting means for detecting 4s 
a current of the battery; 

cun-entArottage characteristics detecting 
means for detecting currentA^oltage characteristics 
of the battery based on the voltage detected by said 
battery voltage detecting means and the current so 
detected by said battery current detecting means; 
and 

effective maximum output calculating means 
for determining an effective maximum output which 
can be produced by the battery at a predetermined ss 
minimum drive voltage for the propulsive electric 
motor from said currentA/oltage chaiacteristcs 
detected by said currentAroltage characteristics 



for activation for purifying the exhaust gases from 
the engine; and 

catalyst activating means for energizing said 
exhaust gas purifying catalyst to activate the 
exhaust gas purifying catalyst based on said start s 
signal; 

said engine start signal outputting means com- 
prising means for outputting said start signal when 
said exhaust gas sensor has been activated as 
determined by said exhaust gas sensor activation io 
determining means, and said exhaust gas purifying 
catalyst has been er^rgized by said catalyst activat- 
ing means for at least a period of time required to 
activate the exhaust gas purifying catalyst or said 
exhaust gas purifying catalyst has been heated to at is 
least a predetermined temperature. 

7. An electric generation control system according to 
any preceding claim, wherein said generator opera- 
tion switching means comprises means for switch- ^ 
ing operation of the generator by gradually reducing 

an amount c* electric energy supplied to said gen- 
erator when the generator operates in said motor 
mode and thereafter gradually increasing an amount 
of electric energy generated by said generator when 2S 
the generator operates in said generator mode. 

8. An electric generation control system according to 
any preceding claim, further comprising: 

atmospheric pressure detecting means for 30 
detecting an atmospheric pressure; and 

remaining-capacity threshold value setting 
means for establishing said predetermined thresh- 
old value depending on the atmospheric pressure 
detected by said atmospheric pressure detecting 3S 
means such that said predetermined threshold 
value is higher as the atrrnspheric pressure 
detected by said atmospheric pressure detecting 
means is lower. 
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